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Abstract 
 
The main purpose of this study is to investigate the effect of structural uncertainty in reservoir modelling 
and propose methods by which such can be handled using a reservoir modelling software package. Often 
times, reservoir engineers fail to properly incorporate this uncertainty into their modelling when perform-
ing history matching and prediction forecasts. By better quantifying uncertainties, areas of the reservoir 
that require more detailed analysis can be determined, and more accurate assessments and predictions of 
reservoir performance can be generated for the purpose of guiding development and operational deci-
sions.  
 
Three methods are proposed to aid in a broader quantification of the uncertainty on structures with an ex-
ample data set illustration. Though these methodologies are not exhaustive, its application will help in the 
better assessment of the uncertainty inherent in the reservoir model thereby enabling proper decision mak-
ing. 
 
The first method involves vertical repositioning of the seismic interpretation or horizon. Here, the entire 
volume is shifted up or down by the respective addition or subtraction of a single depth value. The ad-
vantage of this method is that the result is usually immediate  
 
The second method involves the use of Monte Carlo approach in generating multiple surface realizations 
from the reference surface. Interpolation of points forming the new surface was generated by a normalised 
distribution with the assumption that the reference surface serves as the mean and a constant value of 
standard deviation dependent on the integrity of the seismic interpretation.  
 
The third method involves the use of Geostatistics in which Kriging; a linear weighted average method is 
used in generating possible surfaces from the reference surface. 
 
The application of all three methods is illustrated with a synthetic example using PETREL and the results 
are analysed accordingly. It can be seen that the effect of structural uncertainty on production volumes 
and rate is significant. 
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Abstract 
The main purpose of this study is to investigate the effect of structural uncertainty in reservoir modelling and propose methods 
by which such can be handled using a reservoir modelling software package. Often times, reservoir engineers fail to properly 
incorporate this uncertainty into their modelling when performing history matching and prediction forecasts. By better quanti-
fying uncertainties, areas of the reservoir that require more detailed analysis can be determined, and more accurate assessments 
and predictions of reservoir performance can be generated for the purpose of guiding development and operational decisions.  
Three methods are proposed to aid in a broader quantification of the uncertainty on structures with an example data set illustra-
tion. Though these methodologies are not exhaustive, its application will help in the better assessment of the uncertainty inher-
ent in the reservoir model thereby enabling proper decision making. The first method involves vertical repositioning of the 
seismic interpretation or horizon. Here, the entire volume is shifted up or down by the respective addition or subtraction of a 
single depth value. The advantage of this method is that the result is usually immediate. The second method involves the use of 
Monte Carlo approach in generating multiple surface realizations from the reference surface. Interpolation of points forming 
the new surface was generated by a normalised distribution with the assumption that the reference surface serves as the mean 
and a constant value of standard deviation dependent on the integrity of the seismic interpretation. The third method involves 
the use of Geostatistics in which Kriging; a linear weighted average method is used in generating possible surfaces from the 
reference surface. The application of all three methods is illustrated with a synthetic example using PETREL and the results 
are analysed accordingly. It can be seen that the effect of structural uncertainty on production volumes and rate is significant. 
 
Introduction 
During the initial stage of the life of a reservoir when very few wells are present, the modelling of the reservoir structure de-
pends largely on the seismic interpretation. Because of the resolution of seismic events, processing and interpretation, there are 
bound to be errors in the generated map of the reservoir. Failure to incorporate these errors in the reservoir modelling could 
lead to wrong estimates in STOIIP value calculated and predictions made. Ultimately, it could lead to making wrong economic 
decisions about whether or not to invest in the project. 
Although, typically large uncertainties are associated with the reservoir structure, traditional approaches to reservoir uncertain-
ty has been relatively narrow in that they are based on a deterministic (single base case) model that is then taken through to 
flow simulation. Other approaches to uncertainty have tend to focus almost exclusively on reservoir simulation based on the 
understanding that only the dynamic analysis of the reservoir can fully quantify what the impact of the uncertainties will be on 
reservoir performance (Oil and Gas Journal April 2007). 
 History matching analysis is then focussed on the estimation of geological properties such as facies location and porosity and 
permeability fields (Seiler et al., 2009). The downside to such an approach is that there is not a broad enough range of scenari-
os to be tested, there is little spatial information and all decisions are based on a static criterion. 
 Structural uncertainties can have significant impact on the bulk reservoir volume, well planning and production predictions 
(Thore et al., 2002; Rivenaes et al., 2005), and there is a growing awareness that the structural model uncertainties must be 
accounted for in history matching and prediction analysis. However, a deterministic approach is still the common practice in 
structural modelling. Because of the difficulty and lack of a methodology for efficiently incorporating structural uncertainty 
during modelling, it is normally assumed that there is no uncertainty in the structural model or that such uncertainty can be 
neglected (Evensen, 2007; Zhang and Oliver, 2009). 
Suzuki, Caumon and Caers. (2008) consider structural scenario uncertainties in addition to horizon and faults position uncer-
tainties. They proposed an alternative approach for dynamic data integration for structural modelling. Complex reservoir ge-
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ometry was not parameterized by a set of model parameters. Instead, they first build a large set of prior model realizations that 
represents uncertainty in reservoir structure, covering a wide range of possible structural interpretations. Then, the discrete 
choice of the structural interpretation is one of the parameters. 
Schaaf et al. (2009) presented a workflow for updating simultaneously horizon depths, throw and transmissibility multipliers 
of faults, facies distribution and petrophysical properties. Two optimization methods were compared: Particle Swarm Optimi-
zation and Gauss-Newton Optimization. The results show a decrease in the objective function but the data match is relatively 
poor. While both single base case models and simulation within a dynamic environment can help contribute to managing res-
ervoir uncertainty, all too often they are failing to take into consideration one essential element of uncertainty - a realistic geo-
logical model. 
Reservoir uncertainty requires a completely integrated approach where uncertainty is evaluated across the entire reservoir 
model - covering both static and dynamic modelling workflow and which is based on a shared earth model consistent with all 
known geological information. Uncertainty management should not just include tools that work on the dynamic model but also 
tools that work back towards the original geological models - the original source of the data input. A measure of the uncertain-
ty related to the reservoir structural model can be evaluated in a deterministic way by using alternative interpretations and ve-
locity models for the seismic but a more thorough and rigorous exploration of the uncertainty domain can be done through a 
stochastic approach. In the seismic interpretation process, uncertainty can relate to either or both of the following: 
Errors in horizon picking 
 A number of parameters can actually be included in this category: Problems in the processing and migration phases, well-
seismic mismatch, interpretation problems and so on. Globally, errors in picking may represent an important source of uncer-
tainty in the structural interpretation. 
Depth conversion problems 
The uncertainty in the velocity field to use in the time to depth conversion may be another major source of error. Lateral varia-
tion in the overburden lithology, presence of gas, limited or low quality well velocity surveys are only some of the problems 
that can be encountered. The impact on the overall uncertainty may be relevant, especially when poor control exists on the 
flanks of the structure, as is often the case, since small variation in the velocity field may generate significant fluctuations of 
the reservoir volume. It should be noted that the uncertainty in seismic interpretation is not limited to the above two processes 
but these are believed to have the highest impact on the structure map 
 
Methodology 
Bulk Shifting:   
This is the technique of applying a single depth value correction to vertically reposition the seismic interpretation (Niven Shu-
maker et al). Typically, it might involve a seismic synthetic mis-tie calculation between a specific seismic event and the corre-
sponding reservoir or well top. This method is based on the assumption that the resulting uncertainty is uniform across the 
structure. 
  
To implement the method, the top map is moved vertically by adding or subtracting constant depth values to the original struc-
ture map. This would result in generating series of realization for the reservoir structure with varying depth thereby enabling a 
wider range of possibilities to be examined and a better decision can be made from the analysis of each scenario. An illustra-
tion of this process was performed in PETREL and the results were analysed. It could be deduced that a slight error in the ac-
tual depth of the top map would greatly affect the oil in place estimated and therefore the production and development options 
for the field. This technique is better suited for reservoirs with little or no geological dip because of the lateral variation in ve-
locity. Applying a single vertical shift to a highly dipped surface would result in unrealistic predictions as the velocity varia-
tion here is not uniform. 
Monte Carlo Simulation 
This involves the use of stochastic functions in generating multiple realized top maps from the reference structure map. A 
normalised distribution approach of the form  nmNormalS , is proposed for the new surface S  where m  represents 
the mean and n  the standard deviation of the distribution. The assumption here is that reference surface serves as the mean for 
the newly generated surface and a standard deviation is chosen based on the integrity of the seismic data and interpretation. 
Initially, this method would tend to produce a surface with little or no correlation (high frequency noise) due to the random 
selection of points that makes up the new surface. As this would be geologically unrealistic, a smoothing filter can be applied 
on the process such that the selection of interpolated points follows a specified range. This would enable that drawn points are 
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a particular distance apart and each point on the new surface represents an average of neighbouring points on the reference 
surface. This will help produce a correlated surface which is geologically plausible. 
Geostatistical Method 
This involves the use of kriging interpolation and a semi-variogram model to measure the degree of dissimilarity between the 
points drawn as opposed to the filter used in the previous method. The semi-variogram is a function of the lag or the distance 
of separation between two observations of the parameter field being sampled. If  h  represents the semi-variogram with 
h being the lag and the distance between the two observation is  xS and  hxS   then, 
 
 
 
    
 



hN
i
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hN
h
1
2
2
1
          (1) 
 
where  hN  is the number of data points that are approximately separated by the lag. 
The top structure map can be viewed as composed of several points in space. A new surface realisation can be generated from 
an initial surface by some geostatistical methods. Each method has its range of applicability and limitations within this range 
but for this study, kriging method has been chosen because of its close link to conditional simulation. (Abrahamsen et al) 
The general formulation for this procedure is: 
 
ebr SSS              (2) 
 
Where 
rS = Newly generated top structure map 
 
bS = Base case top structure map 
 
eS = Error Surface 
 
The error surface is estimated by a linear average method using the technique of kriging. The weight used in kriging is based 
on the semi-variogram model of spatial correlation. The kriging equation for estimating the uncertainty map uS  at a point 
P from a set of n control points with attribute values  niSi .........3,2,1:   is 
i
n
i
ip SwS 
1
           (3) 
The weight  niwi ,....,3,2,1:  are calculated from a set of n equations 
       pnn hhwhwhw 11122111 ...           (4) 
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. 
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       npnnnnn hhwhwhw   ...2211         (6) 
The semi variogram  ijh  is the semi variogram at a lag distance ijh between two points  ji PP , . The semi variogram 
 
iph  is the semi variogram at a lag distance iph  between control point iP  and point P where attribute pS is being estimat-
ed. The constant is the Lagrange multiplier for the unbiased constraint 
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The procedure for solving the above set of equations is considered ordinary kriging. When this error surface is added to the 
base case surface, it will produce a new version of that surface. 
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Synthetic Model Application 
A synthetic example based on a real sector model is presented to demonstrate the applicability of the proposed method using 
PETREL. Fig. 1 shows the reference model conditioned to reflect the anticipated structural uncertainty in the seismic interpre-
tation. The model is composed of 36000 grid cells with a dimension of 90×40×10. The porosity and permeability was mod-
elled using Sequential Gaussian Simulation. The average depth of the reservoir is -1110m at the flanks to -950m at the anti-
cline with a depth of about 50m. The oil-water contact is at a depth of 1150m. Porosity ranged from 0.17 to 0.22 while the 
permeability is between 10 to 1500md. Two injectors and five producers were drilled into the reservoir. This is to serve as the 
base case from which other realizations are to be developed for the uncertainty quantification. The reservoir is initially under-
saturated and it remains so throughout the production period. The measurements analysed include the Oil initially in place, 
water cut, oil production rate and cumulative oil produced. Simulation was performed over 20years duration. The development 
strategy used was in three phases. The uncertainty due to fault modelling is not considered as part of the structural uncertainty 
in this project. 
 
Bulk shift method 
In applying the bulk shift method, the top structure map of the base case model was vertically adjusted in increments of 5m 
above and below the initial position. Six realizations were developed which are respectively 5, 10,15m above and below the 
base case depth. Other properties such as petrophysical and fluid properties were kept constant. 
 
To investigate the effect of this on the reservoir evaluation, the initial oil volume in place in the six realizations were computed 
and compared with the base case. Also, a prediction waterflood strategy with 5 producers and two injectors was performed and 
analysed accordingly. Fig. 2 to Fig. 8 shows the results of the generated top map. Fig. 9 shows a histogram comparing the 
STOIIP (Stock Tank Oil initially in Place) from each realized structure with the reference structure while the production pro-
files is shown in Fig. 10 and 11. With this, a wider range of possible scenarios could be examined and utilized in making a 
final decision about the prospect being considered. This approach is very simple and a fast way of quantifying the uncertainty 
in structure brought about by errors in the seismic interpretation. As such, its reliability depends largely on the integrity of the 
seismic process itself and the reservoir geometry.  
 
 
 
Figure 1: The Reference Model showing initial water saturation with five Producer and two Injectors. The blue cells indicate water 
filled regions while orange coloured cells are oil filled 
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Figure 2:  Top map horizon used in generating the base case 
model 
 
 
 
Figure 3: Top map horizon generated by applying a bulk shift 
of 5m to the base horizon 
 
Figure 4: Top map horizon generated by applying a bulk shift 
of 10m to the base horizon 
 
 
 
Figure 5: Top map horizon generated by applying a bulk shift 
of 15m to the base horizon 
 
6                                                                                                                               Incorporating Structural Uncertainties into Reservoir Modelling 
 
Figure 6: Top map horizon generated by applying a bulk shift 
of -5m to the base horizon 
 
 
Figure 7: Top map horizon generated by applying a bulk shift 
of -10m to the base horizon 
  
 
Figure 8: Top map horizon generated by applying a bulk shift 
of -15m to the base horizon 
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Figure 9: Changes in STOIIP estimate from Bulk Shifting 
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Figure 10:  Oil Production profile for bulk shifting Method 
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Figure 11: Water Production profile for Bulk Shifting 
 
 
Stochastic method 
The same base model is used but here, a stochastic method is used to generate top realisations as proposed earlier. A normal 
distribution algorithm is used to generate a new surface with the base surface serving as the mean value for each run. A stand-
ard deviation value of 10, 20 and 30 percent from the base map was used in this example. Each new surface was generated by 
making use of the stochastic function. The base surface serves as the mean while the intended standard deviation value is in-
putted in the appropriate field. Initially, the surface generated appears to be uncorrelated in what appeared as noise (Fig.12) 
which was a result of the random picking of points from the reference surface but this was handled by using a low pass filter to 
give rise to a more geologically accepted surface with correlation between points. The choice of standard deviation used 
should depend on the confidence and reliability of the seismic interpretation. The newly generated surface is used in the make 
horizon process to develop a new model with the chosen attribute. 
 Fig. 13-15 shows a comparison among the different map realizations generated. The oil and water production rate result from 
this analysis is shown in Fig. 16 and 17 respectively. 
 
Kriging method 
Here, the workflow followed involves generating an error map and adding it to the base structure map. To generate the error 
map, kriging principle was applied with a variogram type of Gaussian, a sill of 1.0 and a Nugget of 0.001. A value represent-
ing a standard deviation of 1 from the base case was in generating the error map and it was added to the base case map. This 
process could be completed once with multiple realizations generated but for the purpose of illustration, the process was com-
pleted on a one after the basis. This methodology seems to be the best of the three approaches presented as it simply honours 
the control points while modifying the regions of points in between the control. 
Four realizations were generated using this methodology and the results compared as shown in Fig. 18 through Fig. 21. More 
realizations could be generated at once using the workflow.  
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Figure 12: Uncorrelated surface initially generated from 10% 
standard deviation 
 
 
Figure 13: Top map horizon generated by applying a 10% 
standard deviation. 
 
 
 
Figure 14: Top map horizon generated by applying a 20% 
standard deviation. 
 
 
Figure 15: Top map horizon generated by applying a 30% 
standard deviation. 
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Figure 16: Oil Production profile for Stochastic Method 
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Figure 17: Water Production profile for stochastic method 
 
 
 
Figure 18: Top map horizon generated by adding an Uncer-
tainty map to the base case map (first Realization) 
 
 
 
Figure 19: Top map horizon generated by adding an Uncer-
tainty map to the base case map (Second Realization) 
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Figure 20: Top map horizon generated by adding an Uncer-
tainty map to the base case map (Third Realization) 
 
 
Figure 21: Top map horizon generated by adding an Uncer-
tainty map to the base case map (Fourth Realization) 
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Figure 22: Oil production profile for method 3 
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Figure 23: Water oil Production for method 3 
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Figure 24: Changes in STOIIP for method 2 
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Figure 25: Changes in STOIIP for method 3 
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Figure 26: Cumulative Oil Production Profile for the three methods 
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Discussion of results 
Each method proposed has been used to generate various realizations of the top structure map and different results were ob-
tained for the different methods. It can be deduced from the results that there is a significant change in the production profile 
when all the realizations generated through the proposed methodology were taken through flow simulations. This suggests that 
failure to account for the uncertainty in the structure could result in poor reservoir management. 
 
The Bulk shifting method is very simple to apply as it involves a uniform vertical shifting of the top structure but it might be 
less applicable in reservoirs with high structural dips as compared to the other two methods. From the production profile gen-
erated through this method, it can be seen that there is a wide variation among the different realizations and the base case. This 
variation is a function of the amount of shift applied to the base case in generating other realizations. 
 
The results obtained from the stochastic method gives a more closely packed profile. This is due to the way the new surfaces 
are generated. Points on the new surfaces have varying depth as opposed to the bulk shift method where all points were shifted 
by the same amount. 
 
The third method which involves the generation and subsequent addition of an uncertainty map to the base case is similar to 
the second approach but there is a fundamental difference in the choice of interpolation algorithm used. While the second 
method makes use of normal distribution in generating new surfaces, the third approach makes use of kriging interpolation.  
 
Conclusion 
This project presents different methods to handle structural uncertainties in a reservoir. Uncertainty assessment is necessary to 
evaluate risk and make better decisions. Three methods have been presented with example data set illustration using PETREL. 
Sizing of surface facilities could be better managed as a range of cumulative production is available (Fig. 26). The application 
of these methodologies would help to achieve a comprehensive risk management study during reservoir evaluation when com-
bined with other dynamic uncertainty analysis. 
 
Recommendation 
It is recommended that these procedures be carried out in other reservoir simulation software packages and the results obtained 
compared with those obtained from PETREL. 
 
Nomenclature 
   = Semi Variance 
 
h = Lag 
 
  = Lagrange multiplier 
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Appendix A 
 
Critical Literature Review 
 
Table A- 1: Milestone in Structural Uncertainty in Reservoir Modelling 
SPE 
Paper n
o
 
Year Title Authors Contribution 
125352 2009 Structural Uncertainty Mod-
elling and Updating by Pro-
duction Data Integration 
A. Seiler,  
S.I. Aanonsen  
G. Evensen 
Presentation of an assisted history 
match procedure that allows for 
model updating through Ensemble 
Kalman Filter (EnKF)  
65205 2000 Integrated Uncertainty As-
sessment For Project Evalua-
tion and Risk Analysis 
B. Corre, 
 P. Thore, 
G.Vincent 
Integration of uncertainties in geo-
physics, geology and reservoir 
engineering for risk analysis and 
field development. 
68703 2001 Experience with the Quanti-
fication of Subsurface Un-
certainties 
T. Charles 
B. Corre, 
G.Vincent 
 
The use of TotalFinaElf software 
to quantify subsurface uncertain-
ties 
 1996 Geostatistics for seismic 
depth conversion 
P.Abrahamsen Provides a review of the different 
kriging methods used in seismic 
depth conversions 
35535 1996 Quantifying the Impact of 
Structural Uncertainties on 
Gross-Rock Volume Esti-
mates 
P. Samson 
O. Dubrule 
N. Euler 
Generation of Possible error maps 
to account for uncertainty in reser-
voir structure 
121899 2009 Joint Structural and Petro-
physical History Matching 
Leads to Global Geological 
Stochastic Reservoir Models 
Thomas Schaaf 
Bertran Goureaud 
Francois Labaune 
Presentation of a History Matching 
workflow that helps identify struc-
tural uncertainties in reservoir 
models 
102154 2006 History Matching With Un-
certain Geological Scenario 
Suzuki, S. 
Caers, J. 
Presentation of an alternative ap-
proach for dynamic data integra-
tion for structural modelling 
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SPE 65205 (2000) 
Integrated Uncertainty Assessment for Project Evaluation and Risk Analysis  
Authors: B. Corre, P. Thore, G.Vincent, SPE, TOTALFINA ELF 
Contribution to the understanding of Structural Uncertainties 
Integration of uncertainties in geophysics, geology and reservoir engineering for risk analysis and field development. 
Objective of the paper: 
To integrate the uncertainties identified on the Lambda Lower & Upper reservoirs and to quantify their impact on Gross Rock 
Volume (GRV), Oil Originally in Place, recoverable reserves and production profiles. 
Methodology used: 
The combination of the following steps was used to achieve the objective 
1. Determination of the distribution of the GRV 
2. Building of a representative cloud of geological full fields models integrating geophysical, sedimentary and petro-
physical uncertainties. 
3. Sorting and selection of a representative subset of reservoir models to quantify dynamic uncertainties 
4. Modelisation by means of experimental design of the impact of dynamic uncertainties on the representative subset of 
geological models. 
5. Integration of static and dynamic uncertainties to assess statistical distributions of reserves, production profile and 
plateau during using experimental design technique coupled with multi-variable regression and monte-carlo simula-
tions. 
Conclusions reached: 
An integrated method of uncertainty assessment is able to manage static and dynamic uncertainties. It provides probability dis-
tributions of volumetric and statistical profiles for any production variable. 
Comments: 
The methodology used to account for the uncertainty in the GRV does not seem to have universal applicability. 
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SPE 125352 (2009) 
Structural Uncertainty Modelling and Updating by Production Data Integration 
Authors: A. Seiler, S.I. Aanonsen G. Evensen, StatoilHydro ASA 
Contribution to the understanding of Structural Uncertainties 
Presentation of an assisted history match procedure that allows for model updating through Ensemble Kalman Filter (EnKF) 
Objective of the paper: 
To develop a reservoir characterization workflow for structural uncertainty assessment and continuous updating of the structur-
al reservoir model, by assimilation of production data. 
Methodology used: 
Alternative structural realizations were generated by deforming the corner – point grid. The difference map between the simu-
lated and base case surfaces is used to update the base case grid by adjusting the depth of the corner points. The simulated 
depth surfaces are considered as history matching parameters and are included as static parameters in the state vector. The state 
vector that comprises the reservoir top and bottom surfaces, the dynamic state variable and the predicted measurements is up-
dated using EnKF update equation below 
   fjJTTfjaj MdCMMCMC   
1
 
Where 
f
j represents the state vector for realization j after the forward integration to the time when the data assimilation is 
performed, while 
a
j is the corresponding state vector after assimilation. d  is the predicted data 
Conclusions reached: 
1. The proposed method leads to an improved history match as well as an improved estimate of the structure 
2. The EnKF update ensemble provides a more accurate characterization of the actual field oil in place. 
3. The EnKF updated ensemble provides an optimal starting point for predictions and drainage strategy planning 
Comments: 
The use of the EnKF framework allows for real time updating and prediction in reservoir simulation models and its application 
in this methodology helps to provide real time structural uncertainty assessment. 
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SPE 121899(2009) 
Joint Structural and Petrophysical History Matching Leads to Global Geological Stochastic Reservoir Models 
Authors: Thomas Schaff, Bertrand Coureaud, and Francois Labaune; SPE, GDF SUEZ 
Contribution to the understanding of Structural Uncertainties 
The impact of structural uncertainty and the incorporation in history matching analysis was clearly explained  
Objective of the paper: 
Presentation of a History Matching workflow that helps identify structural uncertainties in reservoir models  
Methodology used: 
1. Joint Geological and Simulation Models Assisted History Matching 
2. Geostatistical Parameterization Technique 
i) Particle Swarm Optimization 
ii) Gauss-Newton Optimization 
Conclusions reached: 
1. The methodology may be used to encapsulate an existing reservoir modelling to perform assisted history matching. 
2. The methodology may also be used with 
i. Any assisted history matching tool as long as external executable files may be launched in the workflow 
ii. Any geomodelling software that can be launched in batch mode. This makes it quite versatile. 
Comments: 
The accuracy of the parameter estimation is not addressed in the paper ( and inn particular for the horizon depth). Furthermore, 
with the proposed approach, there is no uncertainty characterization. 
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SPE 35535 (1996) 
Quantifying the Impact of Structural Uncertainties on Gross-Rock Volume Estimates 
Authors: P. Samson, O. Dubrule, N. Euler  
Contribution to the understanding of Structural Uncertainties 
It shows the impact and effect structural uncertainties could have on the estimation of gross rock volume which is directly re-
lated to the oil in place in the reservoir 
Objective of the paper: 
Generation of Possible error maps to account for structural uncertainties and quantify its impact on Gross rock volume esti-
mates. 
Methodology used: 
Using depth uncertainty vectors 
Conclusions reached: 
The methodology allows for hundreds of simulations in a few hours on a workstation. Simulations can be performed with great 
flexibility making it possible to update the model and the uncertainty maps while the reservoir appraisal progresses. 
Comments: 
The impact of structural uncertainty was limited to its effect on Gross rock volume alone 
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(1996) 
Geostatistics for Seismic Depth Conversion 
Authors: P. Abrahamsen  
Contribution to the understanding of Structural Uncertainties 
Uncertainty measurement through the use of geostatistical methods 
Objective of the paper: 
To integrate available data sources to obtain a description of the depth to subsurface with a measure of the uncertainty 
Methodology used: 
Kriging 
Conclusions reached: 
Bayesian kriging is the best kriging approach for depth prediction. 
Comments: 
The paper gives a valuable insight into the use of Geostatistics in reservoir modelling and uncertainty management. 
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SPE 68703 (2001) 
Experience with the Quantification of Subsurface Uncertainties  
Authors: T. Charles, J.M. Guemene, B.Corre, G. Vincent, O. Dubrule, TOTALFinaElf  
Contribution to the understanding of Structural Uncertainties 
The proposed approach could support operational decisions related to the: 
 robustness of a development scheme with relation to subsurface uncertainties 
 selection of optimal location for a appraisal well 
 decision to acquire more data in order to reduce uncertainty 
Objective of the paper: 
To illustrate how the joint impact of geometrical, geological and dynamic uncertainties on reserve estimates can be quantified. 
Methodology used: 
Use of TOTALFinalElfs’ in house software (JACTA and ALEA) to assess, quantify and integrate typical uncertainties in the 
reservoir. 
Conclusions reached: 
The proposed approach presents the framework that allows for attaching uncertainty figures to production forecasts. 
Comments: 
The methodology seems to have limited application at the moment as it is based on TOTALFinaElfs’ in house proprietary 
software. 
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SPE 102154 (2006) 
History Matching With Uncertain Geological Scenario 
Authors: S.Suzuki and J. Caers, SPE, Stanford U 
Contribution to the understanding of Structural Uncertainties 
Presentation of an alternative approach for dynamic data integration for structural modelling 
Objective of the paper: 
To perform history matching through stochastic search methods, by searching efficiently for reservoir models that matches 
historical production data considering a similarity measure between likely structural model realizations. 
Methodology used: 
Discrete Space Optimization, The Neighbouring Algorithm, Tree Search Optimization 
Conclusions reached: 
The significant advantage of the approach over traditional parameter optimization is that it is easily applicable for the inversion 
of discrete parameters such as multiple geological scenarios and high dimensional spaces. The methodology is also applicable 
for the inversion of reservoir structure through history matching. 
Comments: 
This paper considerd both changes in horizon and fault positioning in accounting for the structural uncertainty 
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APPENDIX B 
 
Rock Properties for Synthetic Model 
 
Capillary Pressure Data 
 
Sw  Pcow 
0.2000000 13.0000000 
0.2464286 5.7329267 
0.2928571 4.1303354 
0.3392857 3.2227870 
0.3857143 2.5762792 
0.4321429 2.0571501 
0.4785714 1.6053963 
0.5250000 1.1865004 
0.5714286 0.7752827 
0.6178571 0.3477436 
0.6642857 defaulted in eclipse 
0.7107143 defaulted in eclipse  
0.8035714 defaulted in eclipse 
0.8500000 0 
 
 
 
Figure B- 1: Capillary Pressure 
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Oil-water relative permeability  
 
Sw  Krw  Kro 
0.20000  0.00000  0.90000 
0.22000  0.00000  0.87230 
0.34600  0.03200  0.69780 
0.47200  0.12800  0.52340 
0.59800  0.28800  0.34890 
0.72400  0.51200  0.17450 
0.85000  0.80000  0.00000 
1.00000  1.00000  0.00000 
 
 
Figure B- 2: Oil-water relative permeability 
 
 
 
 
Well Production Rates 
 
Year    Oil Production Target(sm3)   Water Injection Rate(sm3) 
 
1980-1990   20000      20000 
 
1990-2000   15000      15000 
 
2000-2005   8000      10000 
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APPENDIX C 
The semi variogram model for Geostatistical Simulation 
The semi-variogram model is used to fit data that are spatially distributed in space like the points making up a structured sur-
face. Fig A illustrates a fit to data by a semi variogram model 
 
Figure C- 3: Semi-Variogram 
 
Fig B illustrates three important features of the semi variogram. The sill is the maximum value of the semi-variogram for the 
parameter S . It is also the variance 2 of the measured data, where   is the standard deviation 
 
Figure C- 4: Components of a Semi-variogram 
 
 
The nugget is the value of the semi variance at zero lag. A non-zero value of nugget is due to factors such as sampling error 
and short range variability of the parameter. 
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The range is an estimate of the maximum correlation length between two points at a separation distance h . Several types of 
semi variogram exist. For example the exponential model is  
 













a
h
CCh exp110  
And the Gaussian model is 
 













2
2
10 exp1
a
h
CCh  
Where 0h  is lag, 0C  is the nugget, 1C  is the sill, and  a  is the range of influence. Semi variogram modelling is per-
formed by fitting a semi-variogram model to experimental data as in fig A. 
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Table C- 1: Well Report for Geostatistical Simulation in Make Horizon Process 
Top Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1050.04 4350.1 161.7 -
1050.04 
-1000 -50.04 -1050.04 0 
  New 
well_3 
1070.04 3500 1900 -
1070.04 
-1000 -70.04 -1070.04 0 
  New 
well_2 
980.04 3500 971.6 -980.04 -1000 19.96 -980.04 0 
  New 
well_1 
1000.45 2113.3 150 -
1000.45 
-1000 -0.45 -1000.45 0 
  Producer 1050.67 650 233.9 -
1050.67 
-1000 -50.67 -1050.67 0 
  Producer_2 1080.25 809.9 700 -
1080.25 
-1000 -80.25 -1080.25 0 
            
Mid Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1150.04 4350.1 161.7 -
1150.04 
-1100 -50.04 -1150.04 0 
  New 
well_3 
1170.04 3500 1900 -
1170.04 
-1100 -70.04 -1170.04 0 
  New 
well_2 
1080.04 3500 971.6 -
1080.04 
-1100 19.96 -1080.04 0 
  New 
well_1 
1100.45 2113.3 150 -
1100.45 
-1100 -0.45 -1100.45 0 
  Producer 1150.67 650 233.9 -
1150.67 
-1100 -50.67 -1150.67 0 
  Producer_2 1180.25 809.9 700 -
1180.25 
-1100 -80.25 -1180.25 0 
            
Base Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1250.04 4350.1 161.7 -
1250.04 
-1200 -50.04 -1250.04 0 
  New 
well_3 
1270.04 3500 1900 -
1270.04 
-1200 -70.04 -1270.04 0 
  New 
well_2 
1180.04 3500 971.6 -
1180.04 
-1200 19.96 -1180.04 0 
  New 
well_1 
1200.45 2113.3 150 -
1200.45 
-1200 -0.45 -1200.45 0 
  Producer 1250.67 650 233.9 -
1250.67 
-1200 -50.67 -1250.67 0 
  Producer_2 1270.25 809.9 700 -
1270.25 
-1200 -70.25 -1270.25 0 
            
    
28                                                                                                                             Incorporating Structural Uncertainties into Reservoir Modelling 
Well report for 'New model/Copy of uncertainty' (Done in the Make horizons pro-
cess) 
            
Top Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1050.04 4350.1 161.7 -
1050.04 
-1000 -50.04 -1050.04 0 
  New 
well_3 
1070.04 3500 1900 -
1070.04 
-1000 -70.04 -1070.04 0 
  New 
well_2 
980.04 3500 971.6 -980.04 -1000 19.96 -980.04 0 
  New 
well_1 
1000.45 2113.3 150 -
1000.45 
-1000 -0.45 -1000.45 0 
  Producer 1050.67 650 233.9 -
1050.67 
-1000 -50.67 -1050.67 0 
  Producer_2 1080.25 809.9 700 -
1080.25 
-1000 -80.25 -1080.25 0 
            
Mid Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1150.04 4350.1 161.7 -
1150.04 
-1100 -50.04 -1150.04 0 
  New 
well_3 
1170.04 3500 1900 -
1170.04 
-1100 -70.04 -1170.04 0 
  New 
well_2 
1080.04 3500 971.6 -
1080.04 
-1100 19.96 -1080.04 0 
  New 
well_1 
1100.45 2113.3 150 -
1100.45 
-1100 -0.45 -1100.45 0 
  Producer 1150.67 650 233.9 -
1150.67 
-1100 -50.67 -1150.67 0 
  Producer_2 1180.25 809.9 700 -
1180.25 
-1100 -80.25 -1180.25 0 
            
Base Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1250.04 4350.1 161.7 -
1250.04 
-1200 -50.04 -1250.04 0 
  New 
well_3 
1270.04 3500 1900 -
1270.04 
-1200 -70.04 -1270.04 0 
  New 
well_2 
1180.04 3500 971.6 -
1180.04 
-1200 19.96 -1180.04 0 
  New 
well_1 
1200.45 2113.3 150 -
1200.45 
-1200 -0.45 -1200.45 0 
  Producer 1250.67 650 233.9 -
1250.67 
-1200 -50.67 -1250.67 0 
  Producer_2 1270.25 809.9 700 -
1270.25 
-1200 -70.25 -1270.25 0 
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Well report for 'New model/Copy of uncertainty' (Done in the Make horizons pro-
cess) 
            
Top Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1050.04 4350.1 161.7 -
1050.04 
-1000 -50.04 -1050.04 0 
  New 
well_3 
1070.04 3500 1900 -
1070.04 
-1000 -70.04 -1070.04 0 
  New 
well_2 
980.04 3500 971.6 -980.04 -1000 19.96 -980.04 0 
  New 
well_1 
1000.45 2113.3 150 -
1000.45 
-1000 -0.45 -1000.45 0 
  Producer 1050.67 650 233.9 -
1050.67 
-1000 -50.67 -1050.67 0 
  Producer_2 1080.25 809.9 700 -
1080.25 
-1000 -80.25 -1080.25 0 
            
Mid Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1150.04 4350.1 161.7 -
1150.04 
-1100 -50.04 -1150.04 0 
  New 
well_3 
1170.04 3500 1900 -
1170.04 
-1100 -70.04 -1170.04 0 
  New 
well_2 
1080.04 3500 971.6 -
1080.04 
-1100 19.96 -1080.04 0 
  New 
well_1 
1100.45 2113.3 150 -
1100.45 
-1100 -0.45 -1100.45 0 
  Producer 1150.67 650 233.9 -
1150.67 
-1100 -50.67 -1150.67 0 
  Producer_2 1180.25 809.9 700 -
1180.25 
-1100 -80.25 -1180.25 0 
            
Base Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1250.04 4350.1 161.7 -
1250.04 
-1200 -50.04 -1250.04 0 
  New 
well_3 
1270.04 3500 1900 -
1270.04 
-1200 -70.04 -1270.04 0 
  New 
well_2 
1180.04 3500 971.6 -
1180.04 
-1200 19.96 -1180.04 0 
  New 
well_1 
1200.45 2113.3 150 -
1200.45 
-1200 -0.45 -1200.45 0 
  Producer 1250.67 650 233.9 -
1250.67 
-1200 -50.67 -1250.67 0 
  Producer_2 1270.25 809.9 700 -
1270.25 
-1200 -70.25 -1270.25 0 
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Well report for 'New model/Copy of uncertainty' (Done in the Make horizons pro-
cess) 
            
Top Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1050.04 4350.1 161.7 -
1050.04 
-1000 -50.04 -1050.04 0 
  New 
well_3 
1070.04 3500 1900 -
1070.04 
-1000 -70.04 -1070.04 0 
  New 
well_2 
980.04 3500 971.6 -980.04 -1000 19.96 -980.04 0 
  New 
well_1 
1000.45 2113.3 150 -
1000.45 
-1000 -0.45 -1000.45 0 
  Producer 1050.67 650 233.9 -
1050.67 
-1000 -50.67 -1050.67 0 
  Producer_2 1080.25 809.9 700 -
1080.25 
-1000 -80.25 -1080.25 0 
            
Mid Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1150.04 4350.1 161.7 -
1150.04 
-1100 -50.04 -1150.04 0 
  New 
well_3 
1170.04 3500 1900 -
1170.04 
-1100 -70.04 -1170.04 0 
  New 
well_2 
1080.04 3500 971.6 -
1080.04 
-1100 19.96 -1080.04 0 
  New 
well_1 
1100.45 2113.3 150 -
1100.45 
-1100 -0.45 -1100.45 0 
  Producer 1150.67 650 233.9 -
1150.67 
-1100 -50.67 -1150.67 0 
  Producer_2 1180.25 809.9 700 -
1180.25 
-1100 -80.25 -1180.25 0 
            
Base Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1250.04 4350.1 161.7 -
1250.04 
-1200 -50.04 -1250.04 0 
  New 
well_3 
1270.04 3500 1900 -
1270.04 
-1200 -70.04 -1270.04 0 
  New 
well_2 
1180.04 3500 971.6 -
1180.04 
-1200 19.96 -1180.04 0 
  New 
well_1 
1200.45 2113.3 150 -
1200.45 
-1200 -0.45 -1200.45 0 
  Producer 1250.67 650 233.9 -
1250.67 
-1200 -50.67 -1250.67 0 
  Producer_2 1270.25 809.9 700 -
1270.25 
-1200 -70.25 -1270.25 0 
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Well report for 'New model/Copy of uncertainty' (Done in the Make horizons pro-
cess) 
            
Top Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1050.04 4350.1 161.7 -
1050.04 
-1000 -50.04 -1050.04 0 
  New 
well_3 
1070.04 3500 1900 -
1070.04 
-1000 -70.04 -1070.04 0 
  New 
well_2 
980.04 3500 971.6 -980.04 -1000 19.96 -980.04 0 
  New 
well_1 
1000.45 2113.3 150 -
1000.45 
-1000 -0.45 -1000.45 0 
  Producer 1050.67 650 233.9 -
1050.67 
-1000 -50.67 -1050.67 0 
  Producer_2 1080.25 809.9 700 -
1080.25 
-1000 -80.25 -1080.25 0 
            
Mid Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1150.04 4350.1 161.7 -
1150.04 
-1100 -50.04 -1150.04 0 
  New 
well_3 
1170.04 3500 1900 -
1170.04 
-1100 -70.04 -1170.04 0 
  New 
well_2 
1080.04 3500 971.6 -
1080.04 
-1100 19.96 -1080.04 0 
  New 
well_1 
1100.45 2113.3 150 -
1100.45 
-1100 -0.45 -1100.45 0 
  Producer 1150.67 650 233.9 -
1150.67 
-1100 -50.67 -1150.67 0 
  Producer_2 1180.25 809.9 700 -
1180.25 
-1100 -80.25 -1180.25 0 
            
Base Sher-
wood 
Well Md X-
value 
Y-
value 
Z-value Horizon 
before 
Diff 
before 
Horizon 
after 
Diff 
after 
  New 
well_4 
1250.04 4350.1 161.7 -
1250.04 
-1200 -50.04 -1250.04 0 
  New 
well_3 
1270.04 3500 1900 -
1270.04 
-1200 -70.04 -1270.04 0 
  New 
well_2 
1180.04 3500 971.6 -
1180.04 
-1200 19.96 -1180.04 0 
  New 
well_1 
1200.45 2113.3 150 -
1200.45 
-1200 -0.45 -1200.45 0 
  Producer 1250.67 650 233.9 -
1250.67 
-1200 -50.67 -1250.67 0 
  Producer_2 1270.25 809.9 700 -
1270.25 
-1200 -70.25 -1270.25 0 
